WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
AOIH 5/10 


Al 


(11) International Publication Number: WO 98/49889 
(43) International Publication Date: 12 November 1998 (12, 11. 98) 







(21) International Application Number: PCT/US98/09275 

(22) International Filing Date: 6 May 1998 (06.05.98) 



(30) Priority Data: 

60/045,866 
09/072,331 



8 May 1997 (08.05.97) 
4 May 1998 (04.05.98) 



US 
US 



(71) Applicant: CALGENE, INC. (US/USl; 1920 Firth Street. 
Davis. CA 95616 (US). 

(71)(72) Applicant and Inventor: FACCIOTTI. Daniel [US/US]; 
2636 Lafayette Drive, Davis. CA 95616 (US). 

(74) Agents: SPRUILL. W., Murray et al.; Bell Seltzer Intellectual 
Property Law Group, Alston & Bird LLP, P.O. Drawer 
34009, Charlotte. NC 28234 (US). 



(81) Designated States: CA, JP. European patent (AT, BE, CH. CY, 
DE, DK, ES, FI. FR, GB, GR, !E, IT, LU. MC. NL, PT, 
SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PRODUCTION OF IMPROVED RAPESEED EXHIBITING YELLOW-SEED COAT 
(57) Abstract 

Rapeseed in plants producing rapeseed which have a yellow-seed coat are provided. The yellow-seed coat is controlled by a single 
locus mutation. Plants from the rapeseed are useful for transferring the trait into elit lines of canola. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


f^nland 


LT 


Lithtiania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Atistralia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


^ Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guirtea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Fa^ 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Malt 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central Africaji Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzsian 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People 'i 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Ccmtany 


LI 


Liechtenstein 


SD 


Sudan 






9K 


Demnarfc 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 98/49889 PCT/US98/09275 



RRODUCTION OF IMPROVED RAPESEED EXHIBITING 

YELLOW-SEED COAT 

This application claims the benefit of U.S. Provisional 
Application No, 60/045,866 filed on April 8, 1997. 

FIELD OF THE INVENTION 
This application relates to improved oilseed Brassica plants and 
the seeds obtained from these plants, wherein such seeds have decreased fiber 
and increased oil and protein content. This invention also relates to methods 
for decreasing fiber content and increasing seed oil and protein levels in seeds 
from oilseed Brassica plants. 



BACKGROUND OF THE INVENTION 
The term rapeseed is used to refer to a number of oilseed crop 
plant species within the genus brassica, including 5. napus, B, rapa (syn. 
campestrisX B. juncea and B. carinata. Spring and winter lines have evolved 
for B. napus and B. rapa^ while only spring varieties of B. juncea are known. 
B. napus winter varieties are grown predominantly in northern Europe, China, 
and the northwest United States, whereas spring varieties predominate in 
Canada, northwest China, Denmark, and parts of Sweden. 5. rapa has a 
shorter growing season than B. napus and this trait makes the spring varieties 
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of this species suitable for the more severe cHmates of Sweden, Finland and 
Western Canada. B. juncea is grown extensively on the Indian subcontinent, 
while B, carinata is grown primarily in Ethiopia, 

The taxonomic structure among members of the Brassica genus 
is complicated, as many of these species are able to cross pollinate naturally. 
Thus, there is a large amount of genetic variation available to oilseed Brassica 
breeders. The oilseed brassica species, B. napus, B, rapa^ and B, juncea are 
closely related to one another, as well as to B. nigra, B. oleracea, and B, 
carinata. Cj^ological evidence indicates these species all originate from an 
extinct common ancestor which had 5 or 6 chromosomes, and that the high 
chromosome number Brassica species {B, napus, B. juncea^ and B, carinata) 
originated as amphidiploid hybrids from combinations of low chromosome 
number species (5. nigra, B. rapa, and B. oleracea). The knowledge of the 
relationship between the various Brassica species creates possibilities for 
producing new synthetic oilseed Brassica material, as well as for transferring 
traits between the various related Brassica species. 

Seedcoat color in rapeseed may be different depending on the 
particular species and variety of Brassica, Coat color is generally divided into 
two main classes, yellow or black (or dark brown), although varying shades of 
these colors, such as reddish brown and yellowish brown are also observed. 
Seeds with yellow coats have been found to have thinner hulls and thus less 
fiber and more oil and protein than varieties with dark color seed coats. 
Yellow-seeded rapeseed varieties are common in Asian countries, and in 
China, there is an abundance of yellow-seeded cultivars in production 
rapeseed, particularly in B, juncea and B, rapa varieties. 

In order to improve the nutritional qualities of rapeseed oil, 
varieties have been developed which contain low erucic acid levels, as well as 
low glucosinolate levels. These varieties of B. napus and B, rapa have been 
termed "canola" by the Canadian breeders involved in their development, and 
the oils from these varieties are well accepted in the global vegetable oil 
markets. On the world markets, rapeseed oil does not derive from a particular 
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species, and both high erucic acid and low erucic acid oils contribute to the 
edible oil supply. In 1996, about 14% of the global edible oil supply was 
from oilseed Brassica varieties. 

The high protein content in its seed meal also makes rapeseed 
meal a valuable livestock feed, although the relatively high fiber content 
decreases its digestibility and decreases the value as an animal feed. Also, the 
presence of glucosinolates can decrease the value of the meal due to the 
deleterious effects of glucosinolates on growth and reproduction of livestock. 

Improved oil and protein levels are primary objectives of 
rapeseed breeding programs. Thus, introduction of a yellow seed coat trait 
into canola varieties is desirable, in the interest of providing improvements in 
both the seed oil and protein levels. Integration of genes controlling seed 
pigmentation from related Brassica species into valuable oilseed Brassica 
varieties, such as canola varieties, is complicated by the fact that multiple 
recessive alleles are involved in tlie inheritance of yellow seed coats in 
presently available yellow coat lines. 

Accordingly, there is a need in the art for yellow coat oilseed 
Brassica lines in which the trait for yellow seed coat can be easily transferred 
to other oilseed Brassica plants, and in particular to canola varieties, these 
lines can be used to accelerate the development of oilseed Brassica cultivars 
with improved oil, protein, and fiber contents. 



SUMMARY OF THE INVENTION 
Rapeseeds and oilseed Brassica plants producing rapeseeds, 
which have a yellow-seed coat are provided wherein the yellow-seed coat 
color is controlled by a single locus mutation. The rapeseed is characterized 
by having high levels of seed oil and protein and low levels of fiber and 
glucosinolate. The rape plants grown from the seed are also early maturing. 

The plants and seed are useful for producing improved canola 
and rape varieties and for providing a source of valuable meal and oil 
products. 
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DETAILED DESCRIPTION OF THE INVENTION 

The invention is drawn to rapeseeds which have a yellow-seed 
coat, as well as to the plants producing such rapeseeds. The yeliow-seed coal 
color is controlled by a single locus mutation. Thus, the trait can be easily 
transferred to desired lines without the complications associated with multiple 
gene inheritance. 

Yellow seeds have a considerably thinner seed coat than black 
and brown ones. The thinner seed coat results in a reduced fiber content in 
the meal and an associated increase in seed oil and protein content as 
compared with normal levels of oil and protein. In seeds of the invention, 
seed oil levels are increased at least about 3%, preferably at least about 5%, 
more preferably at least about 10%. 

Yellow-seeded genotypes generally have higher oil and protein 
concentrations in their seeds. The yellow-coated seeds of the invention 
display an increase in protein concentration. Protein levels are increased at 
least about 10%, preferably about 20%, more preferably about 30%. 

Yellow-seeded genotypes typically show a decrease in fiber 
content. The yellow-coated seeds of the invention have decreased fiber 
content of at least about 2%, preferably about 5%, more preferably about 8%. 

The seeds of the invention also exhibit a decrease in 
glucosinolate levels. Glucosinolate levels are decreased at least about 10%, 
preferably about 15%, more preferably about 20%. This reduction is 
important for utiUzing the seed mean as animal feed. 

Plants from the rapeseeds of the invention mature earlier than 
the parent lines from which these plants were developed. Earlier maturing 
varieties are particularly useful. For example, they find use where a short 
growing season is needed to avoid an environmental stress such as cold or 
drought or alternatively where multiple crops are grown. Various multiple 
cropping sequences are needed, particularly in China and India. In Western 
Canada, B. campestris varieties maturing in less than 100 days are required to 
escape frost damage. Additionally, short-duration rapeseed varieties are 
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needed in Southern Australian to avoid late-season drought stress. By early 
maturing is intended that the plants mature at least about 2 days, preferably at 
least about 5 days, more preferably at least about a week or more early as 
compared to the parent lines from which the earlier maturing plant lines were 
developed. 

Methods are available in the art for the production of plants and 
rapeseed of the invention. Generally, plant cells can be mutagenized and 
selected for those exhibiting the desired trait. Alternatively, the trait can be 

— i* 

crossed into desired varieties using standard genetic methods known in the art. 

For purposes of the invention, for mutagenesis and selection, 
plant cells are selected that are capable of regeneration such as seeds, 
microspores, ovules, pollen, vegetative parts, particularly microspores. For the 
most part, such plant cells can be selected from any variety of Brassicas^ 
particularly those brassicas having desired agronomic traits. 

Generally, methods are available in the art for the preparation of 
plant cells for mutagenesis. For collection of microspores for use in the 
invention, inflorescences are obtained from young plants and microspores 
collected. Microspore culture is an in vitro process whereby immature pollen 
grains (microspores) are mechanically isolated from anther tissue and are 
induced to develop directly into embryos rather than into mature pollen grains. 
The embryos originating from microspores have only one parental 
chromosome complement per cell. These embryos can be germinated and 
grown into plants. Generally, approximately 15-20% of the resulting plants 
are diploidized, i.e., are dihaploid-plants. 

In oilseed brassicas, methods are known in the art for obtaining 
haploids through anther/microspore culture. See, for example, Plant Cell 
Culture in Crop Improvement edited by Giles and Sen, Plenum, New York 
(1982); Kameya and Hinata (1970) Jpn J Breed 20:82-87; Thomas and 
Wenzel (1975) ; Mathias, R (1988) Plant Breed 700:320-322; and George et 
al. (1987) 72-74, herein incorporated by reference. In Brassica, the 
developmental pathway for haploid induction normally involves the induction 
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of microspore embryogenesis. See, Kott et al (1988) Can J Bot 65:1665- 
1670. The use of microspore-derived haploids results in a substantial 
reduction in the time required to develop new varieties. Once the microspore 
or cell of interest has been obtained, methods are available in the art for 
mutagenesis. Such methods include radiation, chemical mutagenesis, or a 
combination of chemical and physical mutagenesis. Mutagenesis is carried out 
for a duration of time to accomplish genetic modifications, but not so long so 
as to destroy the viability of the cells and their ability to be regenerated into a 
plant. 

Such modifications can be induced by physical mutagenesis 
such as radiation. Radiation mutagenesis includes mutagenesis carried out by 
use of physical means such as x-ray, gamma radiation, ultraviolet radiation, 
ionizing radiation, and the like. Gamma radiation may be supplied to the 
plant cells in a dosage of approximately 50 to 200 Krad., preferably from 
about 60 to about 90 Krad. 

Chemical mutagenic agents include ethylmethylsulfonate (EMS), 
ethylnitrosourea (ENS), 2-aminopurine, 5-bromouracil (5-BU), alkylating 
agents, etc. Chemical mutagenesis involves the treatment of the cells with a 
dilute solution of the mutagen, typically about 0,01% to about 10% solution. 
For example, for the mutagenesis of microspores, a solution of about 0,01% to 
about 5%, preferably about 0.02% ethylmethylsulfonate is utilized. The 
microspores are treated with the chemical mutagen for one to several hours, 
typically about 2 to 3 hours. 

The mutations may result in relatively small or even great 
changes in gene action. Ultimately, gene mutation is a physiochemical event 
that has the effect of increasing the number of different forms of the gene 
present in the population. 

Haploid plants, mutagenized cells or microspores can be 
chemically treated to double the chromosome number. Such chemicals include 
colchicine which prevents the duplicated chromosomes from segregating by 
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blocking spindie-fiber formation. While treatment time may vary, a time of 
one to several hours, preferably two to three hours is generally sufficient. 

Development of hom ozygous lines by conventional methods 
involves repeated selfing and selection for several generations within a 
population . Early generation selection is limited by the heterozygosity of the 
material handled. Haploidization followed by chromosome doubling of early 
generation material can expedite the approach and shorten the breeding cycle. 
Thus, doubled haploid plants are useful for immediately obtaining 
homogenous plants. 

Rape plants are regenerated from the treated cells using known 
techniques. See, McCormick et ai (1986) Plant Cell Reports, 5:81-84. The 
resulting rapeseeds may be planted in accordance with conventional growing 
procedures and following self-pollination rapeseed is formed. 

Seed color character is generally scored on healthy plants at or 
near complete seed maturity. Since seed color in Brassica is determined by 
the genotype of maternal tissue, i.e., the testa, all F, seeds of the Brassica 
plants of the present invention exhibit the same color as the female parent. 
Thus, when crossing the plants of the present invention to other varieties the 
successive F3 generation must be analyzed as the yellow coat color is recessive 
and the seed coat color is determined by the female parent. That is, the seed 
coat color in the progeny represents the genetic make up of the parent plants. 
Typically for a single locus trait, the F3 generation must be analyzed to select 
for those hybrids inheriting the yellow-seed coat trait. In a cross, Fj seed 
would be all black or yellow depending on whether the yellow seed coat 
variety was the male or female parent. F, seed would be all black reflecting 
the heterozygous nature of the F, plants. A segregation ratio of 3:1 in the F3 
generation (black:yellow) is indicative of a single locus trait. 
\ Care is taken in the grov^i and maintenance of the treated 

rapeseed. Particularly, pollination is carefully controlled and monitored. The 
resulting rapeseed is harvested and subjected to analysis, for seed coat color, 
fatty acid composition, protein composition, and the like. 
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Once a plant has been selected exhibiting the yellow coat color, 
the plant and seed can additionally be tested for other desirable characteristics. 
Thus, the seed oil can be analyzed for altered fatty acid content, rate of 
maturity, protein and fiber levels, and the like. For determination of the fatty 
acid composition of a given rapeseed, methods are available in the art for 
removal of the oil from the rapeseed and determination of the composition of 
the oil. Generally, the oil is removed from the rapeseeds by crushing the 
seeds and extraction of the oil. Nuclear magnetic resonance (NMR), gas 
liquid chromatography using a capillary colimin, and near infi*ared (NIR) 
spectroscopy can be used to measure the oil content. Geneially, the oil is 
extracted as fatty acid methyl esters following reaction with methanol and 
sodium hydroxide. The resulting ester can be analyzed for fatty acid content. 
See, Daun et al. (1983), J. Amer. Oil Chem. Soc. (50:1751-1754; Oil Crops of 
the World, edited by Robbelen et al., Toronto: McGraw-Hill (1989); and 
Starr et al. (1985) J Agric Sci Camb 104317-323. 

Brassico napus and Brassica campestris are dicotyledonous 
plants. Thus, the analysis for fatty acid composition may be carried out on a 
single outer cotyledon and the remaining halfseed can be retained for possible 
future germination. Methods are available in the art for the separation of the 
rapeseeds and the two halfseed. 

After analysis of the fatty acid composition and seed coat color, 
seed are selected for further self pollination to achieve substantial genetic 
homogeneity. Such plants can then be used as breeding or other source 
material for the production of improved rape varieties. 

Improved oil and protein concentrations are primary objectives 
in rapeseed breeding. Oil and protein levels can be further improved by 
crossing the plants of the invention with lines which have high oil and protein 
levels. Likewise, other characteristics may be improved by careful 
consideration of the parent plant. 

Prior to the present application, light seed color has been 
associated with recessive genes at multiple loci. However, the present 
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invention indicates that a yellow-seed coat rapeseed can be produced wherein 
the yellow-seed coat is controlled at a single locus. 

The discovery of a single locus which is capable of conferring 
yellow seed color is beneficial for crossing such trait into other rape or canola 
lines, including high erucic acid lines, canola lines, and other elite lines or 
rape. The trait can be readily transferred into other plants within the sam e 
I specie s by conventional plant breeding techniques including cross-pollination 
j and selection of the progeny. Also, the desired traits can be transferred 
between species using the same convention plant breeding techniques 
involving pollen transfer and selection. See, for example, Brassica crops and 
wild allies biology and breedings edited by S. Tsunada et al., Japan Scientific 
Press, Tokyo (1980); Physiological Potentials for Yield Improvement of 
Annual Oil and Protein Crops, edited by Diepenbrock and Becker, Blackwell 
• Wissenschafts-Verlag Berlin, Vienna (1995); Canola and Rapeseed, edited by 
F. Shahidi, Van Nostrand Reinhold, New York (1990); and Breeding Oilseed 
Brassicas, edited by Labana et al., Narosa Publishing House, New Dehli 
(1993), herein incorporated by reference. 

The yellow seed coat color trait can be readily transferred into 
other plants within the same Brassica napus or Brassica campestris species by 
conventional plant breeding techniques. Such techniques include cross- 
pollination and selection of the progeny. Such techniques can likewise be 
used to transfer the trait between the napus and campestris species. See, for 
example, Brassica Crops and Wild Allies Biology and Breeding, edited by S. 
Tsunada et al Japan Scientific Press, Tokyo (1980). Commercially available 
campestris varieties include Tobin, Horizon, Colt, etc. Following the 
interspecific cross, members of the F, generation are self-pollinated to produce 
F2 seed. Backcrossing is then conducted to obtain a euploid (n=10) campestris 
line exhibiting the desired trait. Additionally, protoplast fusion and nuclear 
transplant methods can be used to transfer the trait from one species to 
another. See, generally, "Fusion of Higher Plant Protoplasts" by Albert W. 
Ruesink, Methods in Enzymology, Vol. LVIIl, Jakoby and Pastan (eds), 
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Academic Press, Inc., New York, NY (1979), and the references cited therein; 
and Carlson et al. (1972), Proa Natl Acad, Sci USA 69:2292. 

In accordance with the present invention, a substantially uniform 
assemblage of rapeseed can be produced. Such seed can be used to produce a 
substantially uniform field of rape plants. 

The relatively high content and quality of rapeseed protein make 
the seed a valuable raw material, not only for the oil industry but also for the 
feed industry. The factor most limiting utilization of rapeseed meal is the 
presence of gluscosinolates or the products formed by their cleavage. These 
compounds are responsible for the enlargement of thyroid glands and 
hemorrhagic liver syndrome in animals. These affects have limited the use of 
rapeseed meal, prompting efforts to breed new rapeseed varieties low in 
gluscosinolates. 

Generally, the high fiber content of rapeseed meal contributes to 
the overall reduction of the feed value of the rapeseed meal. Furthermore, 
when edible protein products are made from rapeseed meal the dark color of 
black seed is a considerable problem. The black-seed coat gives an unpleasant 
grey color to protein products made from rapeseed meal. Therefore the 
reduction in seed coat color of the rapeseed of the invention is of interest from 
the point of view of protein quality as well as lecithin quality. 

Methods are available for determination of the protein content of 
the seed. Traditionally, protein content has been determined by the Kjeldahl 
or micro Kjeldahl approach of acid digestion followed by steam distillation of 
the liberated nitrogen as ammonia, and back titration. Automated approaches 
are available using Kjel Foss or the Technicon autoanalyzer. NIR 
spectroscopy may also be utilized. See, for example, Gehrke et al. (1968) 
Technicon Symposium, Automation in Analytical Chemistry 7:239-251; 
Williams (1975) Serial Chem, 52:561-576; Thachuk, R. (1981) J. Am, Oil 
Chem. Sac. 55:819-822; Starr et al. (1985) J. Agric. Sci, Camb. 70^:317-323; 
and Conola and Rapeseed, edited F. Shahidi, Van Nostrand Reinhold, New 
York, 1990, and the references cited therein. 
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In a particular embodiment of the invention, an improved 
rapeseed designated LFDF is disclosed. The rapeseed has yellow-seed coat 
wherein the seed coat color is controlled by a single locus. The locus has 
been designated LFDF. Seed has been deposited with the American Type 
Culture Collection and given accession number ATCC 97875. The rapeseed 
exhibits high levels of seed oil and protein, and low levels of glucosinolate 
and fiber. Oil extracted from seeds can be analyzed for lines which contain an 
oil of interest. Plants from the seed mature early. Generally, the plants 
mature at least 2 days earlier than the cultivars from which they are derived. 

The seed and plants therefrom are useful for transferring the 
yellow-seed coat color into other rape lines, including high erucic acid lines, 
canola lines, and other elite lines. The plants are useful for the development 
of cultivars with improved oil, protein, and fiber concentrations. 

The following examples are offered by way of illustration and 
not by way of limitation. 

EXPERIMENTAL 
Canola microspores from spring line 212/86 may be obtained as 
follows. Plants are grown at IS'^C days and IS^'C nights and inflorescences 
are collected when relatively young. Unopened buds less than 0.5 cm in 
length are selected and surface-sterilized for 20-25 minutes in a 1% sodium 
hypochlorite solution. The buds are then washed 2-3 times with distilled 
water to eliminate the hypochlorite and crushed in 5 ml of basic B5 (Gamborg 
ei al (1968) Exp. Cell Res, 50:151) medium containing 13% sucrose 
("washing medium") using a mortar and pestle. The resulting paste is filtered 
through a 50 ^m nylon mesh into a centrifuge tube. The mixture is 
centrifuged at 1000 rpm for approximately 4 minutes. The pellet is washed 
twice with washing medium and resuspended in NLN medium (Lichter, R. 
(1981) Z Pflartzenphysiol Bd 703:229-237). The cell density is determined 
using a hemocytometer and adjusted to 200,000 microspores/ml, and 
microspores are distributed in 7-10 ml aliquots in 9 cm petri dishes and 
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incubated for 24 hours at 32^C. jJThe microspores are then mutagenized by 
treatment wi th 0.02% ethylmethylsulf onate (EMS) for 2 1/2 hours followed by 
centr ifiigation at 1000 rpm and two washings in fresh NLN medium . 

A colchicine treatment (2 hours with 0.15% colchicine) may be 
added at this stage for a portion of the microspores for the induction of 
diploidization of the dividing microspores at an early stage. The colchicine 
treatment is followed by additional rounds of centrifugation and washing in 
NLN medium, and the density of the microspores adjusted to 50,000- 
100,000/ml. The microspores are incubated an additional 24 hours at 32**C. 
The dividing microspore cultures are incubated at 25-27°C and embryos are 
visible after 7-10 days. The embryos are incubated for an additional 10-15 
days at 27*^C at which point they can be easily manipulated. 

* 

Embryos are cultured to induce shoot regeneration as follows. 
The embryo root tip is removed by cutting and embryo is placed on B5 plus 
BAP2 (2 mg/1 benzylaminopurine) media plates (10/plate) for 7-10 days. 
Emerging shoots are collected from the embryos and transferred to magenta 
boxes (5 shoots per box) containing B5 + 2IBA (2 mg/I isobutyric acid) 
medium. When the rooted plantlets are approximately 1 cm in height, they are 
incubated in a colchicine bath for approximately 2 hours to induce 
diploidization of the haploid embryos. The plantlets are then removed from 
the colchicine bath, and transferred to soil for growth into mature plants. 

Mature seeds which developed on mutant E25-59 plants were 
observed to have a yellow seed coat. Dihaploid seeds of E25-59 were grown 
to increase the available seed for analysis. Pooled seed samples from the 
resulting plants were analyzed to determine fatty acid composition, and 
protein, oil, fiber and glucosinolate contents. Oil and protein contents were 
increased in E25-59 seeds as compared to seeds from 212/86. control plants, 
whereas fiber and glucosinolate contents were decreased. 

Oil levels of approximately 37% were observed in dihaploid E25- 
59 seeds, representing an increase of 3 percentage units over the 34% oil 
levels determined for control 212/86 seeds. This represents an approximately 
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9% increase in oil levels. Protein content in dihaploid E25-59 seeds was 
measured and an increase was observed over the levels of control seeds. Fiber 
content in dihaploid E25-59 seeds was measured at 9.8%, 3.3 percentage units 
lower than the 13.1% levels measured in control 212/86 seeds, or an 
approximately 25% reduction in fiber content. Glucosinolate content in 
dihaploid E25-59 seeds was measured at approximately 5.2 /xmole/g defatted 
germ as compared to a content of 6.0 /xmole/g defatted germ in control 212/86 
seeds, a decrease of approximately 0.8 mole/g, or 13%. 

To test the inheritance pattern of the yellow coat trait, the E25-59 
mutant was crossed with canola varieties Cyclone and Hyola and several 
experimental B napus lines and the segregation patterns determined. Fl seed 
resulting from the crosses is all yellow when E25-59 is the female parent in 
the cross or all the normal black color of canola seed if E25-59 is the male 
parent. This reflects the maternal pattern of inheritance for the yellow coat 
trait. F2 seed in all crosses is black reflecting that the plants are heterozygous 
for the recessive yellow coat trait F3 seeds are analyzed to determine 
segregation ratios and results are shown in Table 1 below. 



Table 1 



Cross # Yellow cozXiU Plants 



E25-59 X Cyclone 


22/100 


E25-59 X E25-39 


18/78 


E25-39 X E25-59 


23/88 


E25-59 X Hyola 


63/300 


E25-59 X 93FG45 


24/100 


Q30-200 X E25-59 


14/86 


E25-59 X Q30-200 


8/46 




1 72/798 
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The above results indicate a 3:1 segregation ration for the yellow coat 
trait, evidence that a single recessive locus mutation, now termed LFDF, is 
responsible for the trait. 

Field observations of the E25-59 line indicate that the yellow seed coat 
mutation also contributes to early maturing of the mutant seeds, E25-59 seed 
is mature approximately one week earlier than are seeds from non- 
mutagenized 212/86, a particularly "late" Canola variety. 

The novel properties resulting from the LFDF mutation were verified in 
analyses of segregating F3 hybrid seeds resulting from the above crosses. Oil 
content analyses of the hybrid seeds is provided in Table 2 below. 
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The above data confirm that the oil contents between black coated and 
yellow coated hybrids are significantly different according to "student t" test 
analysis and that the oil content is higher in yellow coated seeds. Genetic 
background is noted to effect the yellow coat trait, and the trait is observed to 
have the greatest effect in seeds resulting from the E25-59 X Cyclone cross. 
The range of oils obtained demonstrates the potential to obtain even higher oil 
contents, depending on the genetic contribution of the hybrid parents, 

Glucosinolate levels are also decreased in the hybrid seeds. For 
example, average glucosinolate levels in E25-59 X Cyclone were 3.72 
jumoles/gram fresh weight, as compared to levels of 4.36 in Cyclone. 

Earliness is also observed in the LFDF hybrid plants. Seeds from a 
yellow coat E25-59 X Cyclone line mature approximately 5 days earlier than 
do Cyclone seeds. 

The rapeseeds and methods of the present invention can be utilized to 
develop yellow seeded coated varieties of rapeseed. These varieties are 
desired because light-pigmented genotypes have ifiigher oil and protein 
concentrations in their seed s than dark seeded genotypes. The present 
invention has isolated a yellow-seed coat line where^j^How-seed coat can be 
controlled by a single locus. Accordingly, the mutant line and progeny thereof 
can be utilized in breeding and hybridization to transfer the trait into desired 
lines of Brassica. 

All publications and patent applications mentioned in the specification 
are indicative of the level of those skilled in the art to which this invention 
pertains. All publications and patent applications are herein incorporated by 
reference to the same extent as if each individual publication or patent 
application was specifically and individually indicated to be incorporated by 
reference. 

Although the foregoing invention has been described in some detail by 
way of illustration and example for purposes of clarity of understanding, it 
will be obvious that certain changes and modifications may be practiced 
within the scope of the appended claims. 

Many modifications and other embodiments of the invention will come 
to mind in one skilled in the art to which this invention pertains having the 
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benefit of the teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the invention is not 
to be limited to the specific embodiments disclosed. Although specific terms 
are employed, they are used in a generic and descriptive sense only and not 
for purposes of limitation, and that modifications and embodiments are 
intended to be included within the scope of the appended claims. 
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THAT WHICH IS CLAIMED: 

1. Seed from an oilseed Brassica plant, wherein said seed has a 
yellow seed coat, and wherein the single locus mutation designated as LFDF 
contributes to the color of said seed coat. 

2. Seed from an oilseed Brassica plant, wherein said seed has a 
yellow seed coat, and wherein the color of said seed coat is controlled by a 
single locus mutation. 

3. The seed of claim 2, wherein said seed has increased levels of 
seed oil as compared to seed oil levels in a non-yellow seed parent line from 
which said oilseed Brassica plant is derived. 

4. The seed of claim 2, wherein said seed has increased levels of 
seed protein as compared to seed protein levels in a non-yellow seed parent 
line from which said oilseed Brassica plant is derived. 

5. The seed of claim 2, wherein said seed has decreased levels of 
seed fiber as compared to seed fiber levels in a non-yellow seed parent line 
from which said oilseed Brassica plant is derived. 

6. The seed of claim 2, wherein said seed has decreased levels of 
seed glucosinolates as compared to seed glucosinolates levels in a non-yellow 
seed parent line from which said oilseed Brassica plant is derived. 

7. The seed of claim 2, wherein plants grown from said seed 
mature at least 2 days early as compared to plants grown from seed from a 
non-yellow seed parent line from which said oilseed Brassica plant is derived. 

8. The seed of claim 2, wherein said oilseed Brassica plant is a 
canola plant. 



• « 
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9. The seed of claim 2, wherein said oilseed Brassica plant is a 
high erucic acid rapeseed plant. 

10. The seed of claim 2, wherein said locus is LFDF. 

1 1 . An oilseed Brassica plant which produces seeds, wherein said 
seeds have a yellow seed coat, and wherein the single locus mutation 
designated LFDF contributes to the color of said seed coat. 

12. An oilseed Brassica plant which produce seeds, wherein said 
seeds have a yellow seed coat, and wherein the color of said seed coat is 
controlled by a siilgle locus mutation. 

13. The oilseed Brassica plant of claim 12, wherein said seeds have 
increased levels of seed oil as compared to seed oil levels in a non-yellow 
seed parent line. 

14. The oilseed Brassica plant of claim 12, wherein said seeds have 
increased levels of seed protein as compared to seed protein levels in a non- 
yellow seed parent line. 

15. The oilseed Brassica plant of claim 12, wherein said seeds have 
decreased levels of seed fiber as compared to seed fiber levels in a non-yellow 
seed parent line. 

16. The oilseed Brassica plant of claim 12, wherein said seeds have 
decreased levels of seed glucosinolates as compared to seed glucosinolates 
levels in a non-yellow seed parent line. 

17. The oilseed Brassica plant of claim 12, wherein said plant 
matures at least 2 days early as compared to plants of a non-yellow seed 
parent line. 
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18. The oilseed Brassica plant of claim 12, wherein said oilseed 
Brassica plant is a canola plant. 

19. The oilseed Brassica plant of claim 12, wherein said oilseed 
Brassica plant is a high erucic acid rapeseed plant. 

20. The oilseed Brassica plant of claim 12, wherein said locus is 

LFDF. 



21. Seed from an oilseed Brassica plant of any one of claims 12-20, 

22. Seed meal from an oilseed Brassica plant of any one of claims 

12-20. 

23. A method for increasing the levels of seed oil and protein and 
reducing the levels of fiber in seeds of a black-seeded oilseed Brassica plant, 
said method comprising the steps of: 

subjecting said oilseed Brassica plant or a part from said plant to 
mutagenesis, 

regenerating oilseed Brassica plants from said mutagenesis step, 
collecting seeds from said regenerated oilseed Brassica plants, and 
selecting seeds having yellow seed coats, wherein hybrids produced 
from said seeds segregate with a pattern indicating a single recessive mutation. 

24. The method of claim 23, wherein said mutagenesis step 
comprises mutagenizing microspores. 

25. The method of claim 24, wherein said microspores are 
mutagenized with EMS. 



• * 
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26. The method of claim 23, wherein said selected seeds have an 
increased soil content as compare to black colored seeds of said oilseed 
Brassica plant. 

27. The method of claim 23, wherein said selected seeds have an 
increased protein content as compared to black colored seeds of said oilseed 
Brassica plant. 

28. The method of claim 23, wherein said selected seeds have a 
decreased fiber content as compared to black colored seeds of said oilseed 
Brassica plant. 

29. The method of claim 23, wherein said selected seeds have a 

* 

decreased glucosinolate content as compared to black colored seeds of said 
oilseed Brassica plant. 

30. The method of claim 23, wherein plants grown from said 
selected seeds mature at least 2 days early as compared to plants grown from 
black colored seeds of said oilseed Brassica plant. 

31. A method of producing a yellow-seeded oilseed Brassica plant, 
said method comprising crossing a first oilseed Brassica plant having desired 
characteristics with a second oilseed Brassica plant comprising an LFDF 
locus. 

32. The method of claim 31, wherein said first oilseed Brassica 
plant is a canola plant. 

33. The method of claim 31, wherein said first oilseed Brassica 
plant is a high erucic acid rapeseed plant. 
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